Although the use of pentachlorophenol (PCP) is prohibited in most countries, it is still widely found in the wood of pallets, containers, crates and in cardboard, paper, etc. Such material may contain not only PCP but other chlorophenols as well. Wooden crates and cardboard boxes are often used to store and transport fresh fruits. Consequently, chlorophenols present in the wood may contaminate the stored fruits by migration. To ascertain that packaging, storage material, and fruit raw materials are free from chlorophenol residues, we developed a rapid and sensitive method for the detection of 19 chlorophenols by gas chromatography/mass spectrometry (GC/MS). The test portions are directly extracted and acetylated in a solution of sodium carbonate in the presence of acetic anhydride and hexane. The hexane layer is analyzed, without further purification, by GC/MS in the selective-ion monitoring mode. The method allows the analysis of >40 samples/day with detection limits of <20 mg/kg for chlorophenols in wood, cardboard, and paper, and <2 mg/kg for chlorophenols in fruits. Typical recoveries of all chlorophenols were 94% from paper, 115% from cardboard, 51% from wood (depending on the size of the chips or shavings), and 93% from fruit puree.
A major potential problem affecting the quality of various foods is the appearance of an off-flavor during transport or storage through contact with contaminated wood of pallets, floors, and walls of containers, crates, cardboard packaging, etc.
Food is stored on wooden pallets, in wooden crates, or in cardboard boxes, and it can be transported in wood-fitted shipping containers. Wood preserved with chlorophenols, of which the most frequently encountered is pentachlorophenol (PCP), may impart a disinfectant-like off-flavor to the stored or transported commodities (1) .
A classical example is the contamination of fruits stored in wooden crates and cardboard boxes via migration (2) . In addition, a musty taste may develop through the formation of chloroanisoles produced by the methylation of chlorophenols (3) (4) (5) (6) .
The screening of containers, pallets, crates, or cardboard for the presence of chlorophenols could significantly lower the risk of contamination and the subsequent occurrence of off-flavors in food. Although many analytical methods for the determination of chlorophenols have been reported in the scientific literature, most are not suitable for rapid screening because they require tedious extraction procedures such as Soxhlet extraction (7, 8) , solid-phase extraction (9) , or steam distillation (10) .
The acetylation step allows the chromatographic separation of the acetylated chlorophenols with symmetric peak shapes, in contrast with free chlorophenols, which often produce peaks showing strong tailing and poor linearity.
In this paper we describe a rapid screening method for the determination of chlorophenols in wood, cardboard, paper, fruits, and fruit puree. The method is adapted from refs. 7 and 11 in that it is based on direct acetylation and analysis of the extract by gas chromatography/mass spectrometry (GC/MS) in the selected-ion monitoring (SIM) mode. The first solution contains 0.1 µg/mL of each mono-, di-, and trichlorophenol, and 0.2 µg/mL of each tetra-and pentachlorophenol; the second solution contains 0.2 and 0.4 µg/mL, respectively; the third solution contains 0.4 and 0.8 µg/mL, respectively, and the fourth solution contains 1 and 2 µg/mL, respectively.
METHOD

Chemicals
Sample Preparation
Small wood chips.-From pallets or crates. Taken with a sharp cutter; shavings and sawdust are collected by using a plane or a file.
Paper and cardboard.-Prepared by cutting the samples into small strips with scissors.
Fruits.-Cut into small pieces.
Extraction
Wood, fruit juice, and fruit puree.-See Figure 1 . In a 50 mL centrifuge tube, weigh 0.5 g wood chips or 5 g fruit juice or fruit puree. Add 20 mL 0.1M sodium carbonate, 5 mL hexane, and 1 mL acetic anhydride. Cap the tube. Shake tube 30 min on a mechanical shaker. Let layers separate. If necessary, centrifuge. Inject 1 µL aliquot of the hexane layer into the GC/MS system.
Paper, cardboard, and fruits.-See Figure 2 . Follow the procedure as described above for wood, fruit juice, and fruit puree, but add a 30 s mixing step with a Polytron before the addition of hexane.
Shake 30 min on a mechanical shaker and let layers separate. If necessary, centrifuge. Inject 1 µL aliquot of the hexane layer into the GC/MS system. See Figures 3 and 4 for representative chromatograms obtained under these operating conditions.
Ion Programming and Retention Times
Inject the 18 individual acetylated reference solutions under the described conditions, in the scan mode, to obtain their respective retention times.
Program the MS acquisition in the SIM mode, choosing the 2 major (most abundant) specific ions for each group (mono-, di-, tri-, tetra-, and penta-). The exact time window and ions monitored were chosen to match each chlorophenol group as shown in Table 1 .
Recoveries
Recoveries from the various matrixes were determined by fortification with fixed levels of the analytes (mono-, di-, tri-, tetra-, and pentachlorophenol) and subsequent extraction as described in the Extraction section.
Wood.-Weigh 2 thin pieces of noncontaminated wood weighing ca 0.5 g each (ca 2 mm thickness, 10 × 40 mm) and treat them with the appropriate standard solution by adding evenly, with a pipet, 25 or 50 µL reference solution containing chlorophenols at 10 and 20 µg/mL (corresponding to 0.25 and 0.5, or 0.5 and 1 µg) to achieve respective fortification levels of 0.5 or 1 mg/kg of mono-, di-, and trichlorophenol and 1 or 2 mg/kg of tetra-and pentachlorophenol. Evaporate the methanol at room temperature for 2 h in a fume hood. Wearing a SD = standard deviation. b Test portion/final volume = 0.5 g/5 mL; mono-, di-, and trichlorophenols added at 0.5 mg/kg; tetrachlorophenols and pentachlorophenol added at 1 mg/kg; n = 5. c Test portion/final volume = 0.5 g/5 mL; mono-, di-, and trichlorophenols added at 1 mg/kg; tetrachlorophenols and pentachlorophenol added at 2 mg/kg; n = 7. d Test portion/final volume = 0.5 g/5 mL; mono-, di, and trichlorophenols added at 1 mg/kg; tetrachlorophenols and pentachlorophenol added atgloves, cut the piece of wood into small chips. Proceed as described for the extraction of wood and fruit puree.
Paper and cardboard.-Cut a piece of noncontaminated cardboard or paper weighing 0.5 g. Add evenly, with a pipet, 25 or 50 µL reference solution containing chlorophenols at 10 and 20 µg/mL (corresponding to 0.25 and 0.5, or 0.5 and 1 µg) to achieve respective fortification levels of 0.5 or 1 mg/kg of mono-, di-, and trichlorophenol and 1 or 2 mg/kg of tetra-and pentachlorophenol. Let the methanol evaporate for 2 h in a fume hood. Cut the piece of paper or cardboard into small strips. Proceed as described for the extraction of paper and cardboard.
Fruits and fruit puree.-Weigh 5 g noncontaminated test sample in a 50 mL centrifuge tube. Add 25 or 50 µL reference solution containing chlorophenols at 10 and 20 µg/mL (corresponding to 0.25 and 0.5, or 0.5 and 1 µg) to achieve respective fortification levels of 0.05 or 0.1 mg/kg of mono-, di-, and trichlorophenol and 0.1 or 0.2 mg/kg of tetra-and pentachlorophenol. Proceed as described for the extraction of wood and fruit puree.
Results and Discussion
Surprisingly, the extracts obtained by direct acetylation without any further sample cleanup produced clean chromatograms in the SIM mode. The extracts can even be concentrated for confirmation of identity in the full-scan mode.
With this method, it is possible to analyze >40 samples/day for 19 different chlorophenols, with detection limits of <20 µg/kg for chlorophenols in wood and packaging material and <2 µg/kg for chlorophenols in fruits and fruit puree. Detection limits were estimated at 5 times the height of the noise baseline.
Recoveries
The average recoveries from the various matrixes are shown in Table 2 . The average recovery from wood was approximately 50%, which appears to be sufficient when the poor homogeneity of the chlorophenol content in boards is considered. The variation in contamination level is demonstrated by the following pentachlorphenol results for 8 wooden shaving samples taken from the same board: 0.37, 0.54, 0.33, 1.12, 1.23, 0.69, 0.71, and 0.23 mg/kg.
The low recovery rates are certainly due to the size of the wooden chips or shavings in the test portion. The wooden chips are not crushed or ground when they are mixed with a Polytron, and smaller particle sizes might result in higher recoveries.
The use of the Polytron to homogenize the paper, cardboard, and fruits resulted in higher recoveries.
Homogeneity of Contamination of Wood
As mentioned, 8 samples taken from the same wooden board showed a pentachlorophenol concentration that ranged from 0.23 to 1.23 mg/kg. Figure 5. Locations of samples taken for the data in Table 4 . The 5 boards from a pallet also showed various levels of contamination ( Table 3) .
As expected, the chlorophenol concentration in samples taken from the side or the top of a board is higher than in samples taken from the center of the board ( Figure 5 and Table 4 ) because wooden boards are treated by spraying, dipping, soaking, etc.
Contamination of Pallets
The described method was used in analyses of wood from 27 pallets at the Nestlé Research Center warehouse in Lausanne, Switzerland. Twelve pallets were found to contain pentachlorophenol at levels ranging from 0.1 to 281 mg/kg.
Contamination of Wood from Containers
Surprisingly, wood samples from 9 containers from The Netherlands were mainly contaminated with pentachlorophenol and 2,4,6-trichlorophenol; the latter compound is the precursor of 2,4,6-trichloroanisole, a well-known contaminant responsible for moldy off-flavors in food (Table 5).
Contamination of Cardboard
Numerous samples of cardboard boxes of various origins were also found to be contaminated with tri-, tetra-, and pentachlorophenol. For example, 11 of 13 cardboard boxes received from India contained 2,4,6-tri-and pentachlorophenol (Table 6 ). These cardboard boxes developed a musty taste during shipping (in a container) to Europe, as a result of the methylation of chlorophenols to chloroanisoles, which rendered the transported food commodities unfit for consumption.
Contamination of Fruits
Fruits stored in wooden crates may be contaminated by the migration of the chlorophenols contained in the wood. In November 1994, the French consumer magazine Que Choisir published an article (2) showing that fruits, mainly prunes and apples, may be contaminated during storage in wooden crates (Table 7) .
Conclusions
The GC/MS method presented here is rapid and sensitive and can detect chlorophenols in packaging material, wood, and fruits at the low µg/kg level. In addition, because >40 samples/day can be analyzed, the method can be used as a quality control tool to detect contaminated packaging and food-contact raw materials. 
